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Description 

This invention relates to dental compositions which are curable by free radical polymerization and, pr eferab ly, by 
the action of visible light More particularly, one-component dental composite formulations are disclosed which include 

s a ur ethane -modified BisGMA and which maintain good color stability and exhibit superior properties relating to shrink- 
age, water serration, strength, depth of cure and packability characteristics when compared to prior art formulations. 
The dental compositions have fluoride release properties and are preferably radiopaque. 

Composite or restorative materials should be distinguished from most unfilled dental compositions. Such unfilled 
dental materials comprise resins containing minor or no substantial amounts of ffller materials. They are frequently 

10 used as sealants, glazes, bonding agents, or adhesives and may be used to coat a prepared tooth cavity prior to filling, 
thereby seeling off the tooth material against cracks and leaks adjacent to the f Sling. Such compositions have different 
viscosity requirements from dental restorative composite materials because low viscosities are needed. Certain restor- 
ative materials may be filled to an extent to allow reinforcement yet retain sufficient flow so as to f HI pits and fissures of 
teeth. Such "sealants" generally have less than or equal to 50% filler. By contrast, dental composite restorative materi- 

?s als used to replace lost tooth structure must have good forming characteristics so that they can be shaped to fit a cavity 
area or molded Into place In order to repair chipped or damaged teeth. Furthermore, such restorative compositions 
must preferably be highly filled with inorganic materials in order to achieve satisfactory hardness and durability during 
service 

It win be appreciated by those skilled in the art that the use of one-component photoactivated materials is to be pre- 
20 ferred over the more tracfiticnal thermochemical catalyst or redox activated systems because of the increased work time 
allowed by the use of photornitiated polymerization. In a two-component catalyst or redox system, work time is deter- 
mined by the reaction time once the two components are mixed. In a one-component photocured system, the practi- 
tioner may take whatever time is necessary for forming or molding the dental restoration into the tooth formation, and 
then effect extremely rapid curing by exposing the photocurable material to the appropriate wavelength of electromag- 
25 netic radiation. 

There are prior art dental materials which utilize photoinitiators that are sensitive to visible light having wavelengths 
from about 4,000 angstroms to about 5.000 angstroms. These materials generally would be preferred over those mate- 
* ?v rials which are cured with ultraviolet radiation because visible light is attenuated to a lesser degree by tooth structure 
than is ultraviolet radiation. 

30 The present invention more specifically relates to the use of improved glass fillers in polymeric composites such as 
urethane resin based composites and a composite matrix made using said fillers and a method therefor. The compos- 
ites of the invention have a cariostatic effect. 

Ground glass fillers are used in restoratives to provide improved mechanical and physical properties in the restor- 
ative. Because fluoride has been shown to have beneficial properties with regard to preventing caries, it has been sug- 

os gested that fluoride, in a leachable form, can be added to the ground glass to provide a continuing fluoride treatment to 
the tooth surfaces in contact or close proximity to the restorative. Such leachable fluoride generally is in the form of inor- 
ganic, water soluble fluorides. It has been found that such ground glasses, to which inorganic compounds such as 
sodium fluoride and strontium fluoride have been added, provide the expected fluoride treatment, but that the leaching 
of fluoride from these restoratives weakens the mechanical properties of the restorative. 

40 it is known in the art that composites, such as urethane composites, are invisible to x-rays unless radiopaque fillers 
are added to the composite. It is desirable thai radiopaque fillers have a density and a concentration in the composite 
such that the composite diffraction demonstrates x-ray absorption properties similar to or greater than those of natural 
teeth. Accordingly, the composites prepared according to the invention can be differentiated from dental caries and the 
like. 

45 Accordingly, it is a principal object of this invention to provide compositions which are useful for dental applications. 
It is a further object of this invention to provide a composite using a radiopaque glass filler material from which flu- 
oride is leachable. but which will retain its physical integrity despite leaching of fluoride therefrom. 

Witti regard to the resins used in the composite of the invention, it is to be understood thai the term "bisphenol-A" 
is commonly used in the art to indicate the chemical compound 2,2 -bis (4-hydroxyphenyl) propane, ft is also to be 
so understood that the term "Bis-GMA" is commonly used to indicate the chemical compound 2,2 -bis[4-(2 -hydroxy -3- 
metr7lacry1oxyproDOxy)phenyl]-propane, otherwise referred to as "diglycidyl methacrylate of bisphenol A." 

It is also to be understood that toe term "ethoxylated bisphenol-A dimethacrylate" is commonly used in the art to 
indicate the chemical compound having the formula 

55 
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where n is a positive number, from 1 to about 5, and preferably from about 2 to about 3. 

It is to be understood that NCO refers to an adduct of bis phenoxy - 1.2 - hydroxy propane - 1 - methacrylate (also 
a name for BIS-GMA) and a mono or diisocyanate made according to Waller in U. S. Patent 3,629,187, together with a 
diluent comprising triethyleneglycoldimethacrylate (TEGDMA). 
15 It is also to be understood that the terms "acryfic" and "acrylate" are meant to include methacryfic and methacr- 
ylate. 

PRIOR ART 

20 U. S. Patent No. 4,358.549 (Re 32.073) to Randlelev was directed to dental filfing compositions consisting essen- 
tially, in weight percent of 45-65% Si0 2 . 20-35% ZnO, 3-15% B^, about 0-19% AIF 3 , 0-10% Al 2 0 3l and 0-3% alkali 
metal oxides or alkaline earth metal oxides. No indication is given that fluoride can be leached from the glasses and the 
ZnO content is substantially greater than can be tolerated in the present inventive glasses. 

U. S. Patent No. 4,746,686, to Waller was drawn to the development of visible light activated cavity liners for use in 

25 dental restoration. The liner provided a source of leachable calcium and fluoride and was comprised of a photopoiym- 
erizable matrix material, a photo initiator, a reducing agent, a synthetic hydroxyapatite filler, and a powdered gla66 ion- 
omer filler The single powdered glass composition provided consisted, in weight percent, of 31% Si0 2 . 24% Al 2 0 3 , 
.«=>. 15% AIPO4, 12% A!F 3 , and 18% sodium aluminum fluoride. The glass described in the patent is a reactive, soluble 
glass, not suitable for use in a dental restorative. 

30 R. L. Bowen and G. W. Cleek in "X-ray Opaque Reinforcing Fillers for Composite Materials, " Journal of Dental 
Research. January-February 1969. pages 79-82. discussed the preparation of glasses suitable for use as radiopaque 
fillers for dental restorative materials, those glasses being composed primarily of M2O3, BaO, BaF 2 , B2O3. and Si0 2 . 
There was no reference to controllabfy leaching fluoride from the glasses and the compositions of the reported glasses, 
and none of the compositions described by Bowen et al anticipate or render obvious the compositions instantly claimed. 

35 R. L. Bowen and G. W. Cleek in "A New Series of X-Ray-Opaque Reinforcing Fillers for Composite Materials," Jour- 
nal of Dental Research. January- February 1 972. pages 1 77-182, described a further series of glasses suitable for use 
as radiopaque fillers for dental restorative materials, those glasses being composed primarily of Al 2 0 3 , BaO, B 2 03, and 
Si0 2 , with various optional additives including BaF 2 and ZnO. Again, no mention is made of controllably leaching fluo- 
ride from the glasses; fluoride is merely an optional component and is absent from the preferred compositions. The 

40 glasses recited have compositions outside of the ranges required in the present inventive composites, and the refer- 
ence appears to teach away from the use of monovalent anions in the composition for the purpose of providing a glass 
with a stable refractive index. 

G. D. Derkson, P. J. Poon, and A. S. Richardson in Tluoride Release from a SBccphosphate Cement with Added 
Fluoride. " Journal of Dental Research. 61 . No. 5. pages 660-664, May 1982. disclosed increasing the rate of fluoride 

45 release from fluoride-containing cements used in dental cements and restorative materials. The authors added 1 0% by 
weight of Na 2 SiF 6 to a commercial dental cement. Although leaching of fluoride from a dental cement is described, the 
thrust of the work was to increase the rate of fluoride release; there is no reference to providing compositions wherein 
the rate of fluoride leaching would be relatively constant. Moreover, the present inventive glasses are most preferably 
substantially free from alkali metals, whereas the authors of the article purposefully added sodium ions. 

so M. L Swartz, R. W. Phillips, and H. E. Clark in Tong-Term F Release from Glass lonomer Cements." Journal of 
Dental Research. 63, No 2, pages 158-160, February 1984, reported on experiments to study the rate of and the lon- 
gevity of fluoride release from various silicate, silicophosphate, and fluoride-containing polycarboxyiate, and glass ion- 
omer filling and luting materials. 

Although no glass composition data are furnished, these compositions are described as being glass ionomer type 

55 materials, are reactive and water soluble, and contain alkali metal salts preferably not included in the present inventive 
glasses. 

Gasser et al. in U. S. Patent 4.767,798 teaches a polymerizable. radiopaque dental compositions containing YF 3 . 
Kwan et al. in U. S. Patent 4.772.325 teaches a dental composition containing a Lewis base and boron trH boride. 
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Biilington et al. in U.S. Patent 4.797.431 and U.S. application 34.877, filed April 6. 1987, describe processes for pro- 
ducing a radiopaque cement using strontium fluoride in the racfiopacrfymg agent 

SUMMARY OF THE INVENTION 

5 

The present invention provides a dental composite restorative material comprising 

(a) a resin suitable for use in a dental restorative, and 

(b) an inorganic filler comprising a non-aMi. silanatable. radiopaque glass containing extractarxe fluoride, said 
io filler being essentially free of alkaB metal oxides and consisting essentially of by weight 40-56% Si0 2 , 15-35% BaO. 

4-12% Al20 3 , 5-12% BsOa. 0-7% ZnO. 0-18% SrO and 2-20% P. 

A composite made using the glasses described herein, used as a IBIer in a composite or the invention, upon expo- 
sure to an aqueous environment, releases fluoride ions at a relatively constant rate over a substantial period of time. 
is Although fluoride ions are released from the composite there is essentially no development of porosity or other physical 
breakdown effect of the composite. The glass feller is essentially free of alkali metal oxides and heavy toxic metals and 
consists essentially, expressed in terms of weight percent, ol: 



Si0 2 


40-56 




5-12 


BaO 


15-35 


P 


2-20 


Al20 3 


4-12 







25 

The glasses used in the composite of this invention have been found to retain physical integrity even though caries 
preventing fluorides are leached from the glass. In an embodiment where the rjass liller is silanated, the chemical fnteg- 
rity of the composite is improved, presumably because of chemical bonding between the liller and the composite resin 
material. Unexpectedly, it has been found that the composites of the invention have an improved iranslucency over 
so composites made using other fluoride releasing agents such as NaE and SrF 2 as fillers for composite material, and 
accordingly aesthetically improved restorations are obtained. 

The resin component comprises one or more binder resins which include the reaction product of at least one vinyl 
ester of a polyglycidyl ether having secondary hydroxy! groups, and at least one isocyanate reactant. 

The isocyanate reacts with the vinyl ester through the secondary hydroxyl groups. Optionally, a second isocyanate 
os reactant may be used which also reacts with the vinyl ester through the secondary hydroxyl groups. The second isocy- 
anate reactant preferably is a diisocyanate compound. 

The relative amounts of finer and resin components are selected in preferred embodiments such that the overall 
composition has a viscosity suitable for the particular dental application for which it is intended. Thus, the filler normally 
would be used in amounts ranging from about 20 to about 90% by weight based on the weight of the total composition. 
40 For dental restorative compositions, amounts of tiller on the order of from about 50 to about 90% by weight, and more 
particularly, from about 70 to about 80% by weight are preferred. 

The present dental compositions preferably comprise a unitary or one-component Wend of binder res"m(s), diluent 
mortomer(s), fi!Ier(s) and photoactivating or photosensitizing system which is sensitive to visible light. Such composi- 
tions may optionally be modified through the addition of restorative modificants such as pigments, stabilizers, opacfliers, 
45 etc. These materials remain workable for a reasonable oeriod of time in the dental operatory environment and are 
quickly hardened by exposure to visible light. At such time a rapid cure is effected to yield strong, durable, poiishable 
dental restoratives having good color stability, strength, depth of cure, and water sorption properties. 

DETAILED DESCRIPTION OF THE INVENTION 

so 

It is known that the fluoride ton, because it chelates with and hardens the tooth surface, is beneficial in reducing or 
preventing the incidence of dental caries. 

Accordingly, it is believed that, in the treatment of dental caries, using a dental restorative having a teachable fluo- 
ride ion that can be released into the oral cavity over a sustained period of time, and incorporated and absorbed into 
55 the surrounding tooth structure is beneficial in reducing or eliminating the incidence of secondary carles. 

As used herein, leachable is used to describe the tendency of fluoride ion to migrate from tiie glass when a com- 
posite or other composition incorporating the glass is contacted with an aqueous environment such as saliva. 

In the illustrated embodiment, the composite may contain 2-20% by weight leachable fluoride, preferably 2-15% 
and most preferably 2-7%. 
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The fluoride released from the restoratives of the present invention is leached from within glass filler used in the 
restorative composition. The fluoride in the glass filler is an integral part of the glass matrix which is formed during melt- 
ing of the glass. In contrast to the simple addition of inorganic fluoride (such as sodium or strontium fluoride, for exam- 
pie), the release of fluoride from the matrix of a glass fBler is much more controlled and consistent and does not result 
5 in a deterioration of physical and mechanical properties of the composite due to removal of fluoride from the composite. 
Furthermore, the glass filler used in the composite ol this invention can be sBanated and thus bonded to the resin matrix 
to serve as a reinforcing media. This is not possible with conventional sources of fluoride. 

The glass compositions of the present invention are prepared using barium fluoride as the primary source of leach- 
able fluoride ion in the formed glass. Aluminum fluoride or other suitable fluoride, such as ZnF 2 or 5rF 2 , may be used 
to as an additional source of fluoride ion . 

With regard to ZnF 2 . experience has demonstrated that the inclusion of substantial amounts of ZnO (Zn is analyzed 
in Ihe completed glass as ZnO content) in the glass composition leads to significant increases in fluorine volatilization 
during melting of the batch. Consequently, substitutions of ZnO for BaO (the presence of 8a in the completed glass in 
measured as BaO content) in the glass will customarfly be limited to no more than about one-third on a molar basts and, 
is preferably, no more than 7% by weight ZnO based on the total weight of the glass. 

Minor amounts of extraneous additions, such as Sn0 2 and P 2 0 5 . may be present in the melt at levels not exceeding 
about 5% by weight total without adversely affecting the leaching character of the glass. Alkali metal oxides, however, 
will preferably be absent, because they reduce the overall chemical durability of the glass and cause the rapid leaching 
of fluoride. 

20 The glass filers described herein, used in a composite restorative material are hydrolytically stable, as compared 
to prior art fillers that use sodium fluoride and/or strontium fluoride as a fluoride ion source. Although fluoride ton is 
leached from the composite, the composite maintains physical integrity over a much longer period of time as compared 
to composites produced using prior art fluoride fillers. 

Surprisingly, it has been found that the composite restoratives of the present invention have improved translucency 

25 as compared to composites produced using fillers previously used for providing fluoride release f e.Q. NaF and SrF 2 , 
and retains its aesthetic appearance over a longer period of time as demonstrated in accelerated aging tests. 

The compositions of this invention comprise free radical polymerizable, hardenable blends comprising binder 
resin(s), cfiluent monomer(s), and a free radical polymerization system. In its more preferred form, the invention relates 
to dental composite materials which comprise visible light polymerizable, hardenable blends comprising fillers), binder 

30 resin(s), diluent monomer(s), and a visible light photosensitizing system. Such blends may optionally include pigments, 
opacifiers, stabilizers, handling agents and other modrficants as will be appreciated by those skilled in the art 

The binder resins suitable for use in the practice of one or more embodiments of this invention include the reaction 
products of a vinyl ester of a polyglyckJyl ether having secondary hydroxy! groups and at least one isocyanate reacted 
through those hydroxyl groups. 

55 Optionally, the isocyanate used may be ethylenically unsaturated and reaction products of such unsaturated reac- 
tants are described in detail in U.S. Patent number 4,383.091 to Burton, incorporated herein by reference. 

In addition to the foregoing reaction products of vinyl esters and isocyanates, including ethylenically unsaturated 
isocyanates, suitable binder resins include those prepared by reacting the vinyl esters through the secondary hydroxyl 
groups with a mixture of isocyanate reactants, wherein one of the isocyanate reactants may contain ethyl enic unsatu- 

40 ration. The isocyanate reactant may comprise saturated or unsaturated, substituted or unsubstituted, aliphatic, aro- 
matic or cycloaliphatic mono-or diisocyanate compounds. Examples of such isocyanate compounds include 
trimethylhexamethylene diisocyanate, hexamethylene diisocyanate, phenylene diisocyanate or the like as described in 
the prior art mentioned above. 

For use herein, the vinyl ester resin can be prepared from any glycidyl polyether. Useful glycidyf ethers are those 

as of polyhydric alcohols and phenols. Such glycidyl polyethers are commercially available or are readily prepared by 
reacting at least two moles of an epihalohydrin or glycerol dihalohydrin with one mole of the polyhydric alcohol or phenol 
together with a sufficient amount of caustic to react with the halogen of the halohydrin. The products are characterized 
by the presence of more than one giycidyf ether group per molecule. 

The useful acids for making the vinyl ester resins are those ethylenically unsaturated monocarboxylic acids such 

so as acrylic, methacrytic, cinnamic acids and their halogenated isomers. Also included are the hydroxyalkyl acrylate or 
methacrylate half esters of dicarboxylic acids as described in U.S. Patent number 3,367,992 to Bearden wherein the 
hydroxyalkyl group preferably contains from 2 to 6 carbon atoms. 

The glycidyl ether and the acid are reacted in about stoichiometric equivalency, generally with heating in the pres- 
ence of a catalyst, such as a trivalent chromium salt, as, tor example, chromium trichloride: In a preferred embedment, 

55 the above reaction can be exemplified by the following reaction between the glycidyl ether of bisphenol-A and meth- 
acrytic acid: 
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| H CH 3 H H 

H 2 C-C j-C^|-<gM>-C-LcH, ♦ 
OH CH., HO 



CH 3 



2 2CH 2 =C-COOH 



CH 3 9 H H H CH 3 H H H O CH^ 

CH 2 j--j-0-C-i--C-0^g)-i-(^oXL-i-oj-i-CH 2 



H OH H CH 3 H OH H 

20 It is commonplace in the vinyl ester resin art to adjust the viscosity ol the liquid uncured resin with a reactive dilu- 

ent usually a copolymerizable monomer. Suitable monomers for this use include atkyt methacrylates, alkylene dimeth- 
acrylates, trimethacrylates. and higher methacrylates, alky! acrylates. alkylene diacrylates, triacrylates and higher 
acrylates. Examples of suitable diluent monomers include triethyleneglycoi dimethacryiate, 1 ,6-hexanediol dimethacr- 
ylate, ethoxylated bisphenoi-A dimethacryiate, 1,3-butylenetfmethacrytate, trimethylol propane trimemacrytate, and the 

25 like. 

The diluent monomer(s) are added to the compositions of this invention in an amount sufficient to result in polym- 
erizable resin components having a viscosity between about 1 ,500 and about 300,000 centipoises at 25°C. For the pre- 

•V ferred dental restorative materials, the reactive diluents are added in an amount sufficient to result in polymerizable 
viscosity between about 2,500 and about 150,000 and preferably between about 6,000 and about 75,000 centipoises 

30 at 25*C. 

The photosensitizing system employed in the formulation of dental materials according to the preferred practice of 
this invention comprises two components, an alpha diketone photosensitive species (also known as an alpha, beta 
diketone) and an amine reducing agent. While any alpha diketone. or other known photoinitiator which is capable of Ini- 
tiating polymerization in the polymerizable systems of this invention may be employed, camphorquinone. benzil. 

os biacetyl, 9, 1 0-phenanthrenequinone, and naphthoquinone have been found to be preferred. Non-aromatic alpha dike- 
tones, especially camphorquinone and biacetyl have been found to be the best photoinitiators for use in the practice of 
this invention. Such non-aromatic species are believed to be most useful in formulating restoratives which pass tfie 
A.O.A. color stability test Most preferred is camphorquinone. 

The alpha diketone is combined with an amine reducing agent; the two taken together form the visible light sensi- 

40 tizing system useful for the practice of this invention. Numerous amines have been found to be useful as reducing 
agents for the alpha diketones used herein. Thus, amines such as tributylamine and tripropylamine are useful. Stilt 
other useful amines are substituted tertiary amines, such as N-alkyWialkanolamines trialkanolamines. and substituted 
aromatic amines. Those skilled in the art will appreciate that numerous other alpha diketones and amine reducing 
agents may be employed without deviating from the spirit of this invention. 

45 The amount of alpha diketone photosensitizer is controlled to comprise from about 0.01 to about 1% by weight 
based upon the total weight of the binder resin, diluent monomer and photosensitizing system. It is even more preferred 
to employ from about 0.05 to about 0.5% by weight of alpha diketone and to use non-aromatic species such as cam- 
phorquinone or biacetyl. The amount of amine reducing agent is less critical. It is useful to employ from about 0.1 to 
about 5% of amine, with from about 0.3 to about 1% being preferred, based on the total weight of binder, diluent and 

so photosensitizing system. The photosensitizing system may also include stabilizers and other modificants. For example. 
It may be desirable to include a small amount of BHT. Similarly a small amount of 2-hydroxy-4-methoxyben2ophenone 
may be added to enhance color stability under ultraviolet radiation, and a small amount of 2,5-dihydroxy diethyftereph- 
thalate may be added to increase the fluorescence of the composite to more closely match natural teeth. 

For the formulation of the visible light polymerizable compositions of this invention for use as a restorative compos- 

55 ire. besides the fluoride leachable glass fillers described above, the binder resin, diluent and vfsfole light photosensitiz- 
ing system may be blended together with other leachable fluoride fillers and. optionally, other non-fluoride leachable 
fillers, as well as pigments and modificants. The fluoride filers (preferably in very small amounts) may be used if an ini- 
tial burst of fluoride from the restorative is desired. Those skilled in me art will appreciate that the relative amount of 
leachable fluoride and non-fluoride fillers loading which may be accomplished with a given resinous system will depend 
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upon several variables including the identity of the resins, the identity and the particle sizes of the fillers, and the desired 
end use of the composition. It must be appreciated that, for a given resin formulation, judicious choice of filler type and 
filler particle size must be made. The filler blends must be such that the transmittance of visible fight by the preferred 
restorative compositions is sufficient for polymerization to take place. Those sidled in the art wfll be able to select appro- 
5 priate filler blends and to determine filler particles sizes based upon this requirement 

Among those fillers which are especially suited for use in the practice of this invention are inorganic glasses. Pre- 
ferred among these are barium aluminum borosiiicate. lithium aluminum borosilicata strontium, lanthanum, tantalum, 
etc., glasses and related materials. Silica, especially in submicron sizes, quartz, and other fillers may also be employed 
in some formulations. Such fillers are preferably silanated prior to use in the preferred restoratives of this invention. Sila- 
10 nation is well Known to those skilled m the art 

It is known that smaller sized filer particles result in highly polishable dental materials, but that the concomitant 
increase in surface area diminishes the overall filler loading possible with a given resin Such lower loadings may be 
manifested by lesser degrees of strength, hardness, and durabflity In the resulting polymerized structures. It is possible, 
however, and beneficial in some cases, to employ submicron sized fillers in combination with a mixture of larger sized 
is liners. In general, weight ratios of from about 10:90 to about 90:10 1 Bier to resin may be used, with from about 50:50 to 
about 85:1 5 filler to resin being preferred, and from about 70:30 to about 80:20 filler to resin being even more preferred. 

In an embodiment where the composite will be used as a posterior restorative, the formulations of visible light cur- 
able compositions of this invention may contain a blend of glass and silicon t Biers. For example a blend comprising 35- 
60 weight % of silanated milled barium glass (mean particle size of 5-9 microns). 25-50 weight % of silanated milled 
20 barium glass (mean particle size of 2-5 microns), and 5-15 weight % of silanated "Aerosil OX-50" submicron fumed sil- 
ica (sold by Degussa) may be used. 

Those skilled in the art will recognize that the exact composition of the composite material may be adjusted to pro- 
vide specific properties for a particular use. 

When using a resin of the present invention with reduced amounts of fillers, such composifjons are useful for exam- 
25 pie as cements, sealants, bonding agents and the like. 

Pigments, opaciliers. brightening agents, handling agents and other modificants may be included in the composi- 
tions of this invention without departing from its spirit. 

While the various components of the present formulations may be added in any order, it has been found useful and 
convenient to first form the activated resin component by mixing the binder resin(s) and diluent(s) together, and then 
30 adding the photosensitizing system components. Thereafter, the filler(s) together with pigments and other modifying 
agents may be blended with the activated resin component to complete the formulations. In practice, the binder resin 
and diluent are mixed together in a proportion such that the final polymerizabfe composition will have a viscosity suita- 
ble tor dental applications such as the filling of teeth. 

The methods of use of the visible light curable compositions of this invention follow, to an extent, those currently 
55 practiced by those skilled in the art. Thus, the surface to be repaired is cleansed of decayed material and acid etched 
to promote bonding. At this point, a bonding agent may be employed by coating it upon the surface to be repaired. A 
material according to this invention is then molded into place in the conventional fashion. At this point, visible light is 
directed onto the restorative materials by any suitable source. One such source is described in the application of Gon- 
ser "Visible Light Apparatus for Curing PhotocuraWe Compositions", assigned to the Assignee of this invention and 
40 accorded Serial Number 182,643, filed August 29, 1980, now US. Patent number 4,385,344. 

This exposure may take place dlrecfly or through one or more surfaces of tooth material due to the significant trans- 
mittance of tooth material to visible light. Following exposure, the restorative material undergoes polymerization. During 
this process, and afterward, the materials of friis invention exhibit color stability in accordance with A D. A. Specification 
Number 27. 

45 During screening of various glass compositions having fluoride as part of their matrix, two glass compositions iden- 
tified as WP and XT (as described in Examples 7 and 8 below) were selected, with XT being preferred. The fluoride 
release from selected compositions (i.e. composites, sealants, cements, etc.) using these glasses as reinforcing fillers 
was evaluated in what is referred to as the "static" method. This procedure prepares a disc of material (20 x 1 mm) that 
is immersed in deionized water and fluoride released into the water is measured periodically. 

so As a screening process, various PRISM A-F1L® type composffions. (PRISMA-FIL is a product of L D. Caulk, a Divi- 
sion of Dentsply International Inc.) were prepared where the fluoride glass was used as filler in place of currently used 
fillers. Testing showed that the XT glass clearly releases more fluoride over the measured period than the WP glass. 

The concept of the invention will be more apparent from the following illustrative examples wherein all parts and 
percentages are by weight, unless otherwise indicated. 

£5 

EXAMPLE 1 • Preparation of Ethoxylated Bisphenol-A Dimethacrylate (EBPADMA) Ureftiane Resin 

An 18 liter resin kettle equipped with a stirrer and dry air bleed was charged with 2.2-Bis[4-(2-hydroxy-3-methacry- 
oxypropoxy)phenyl|propane (Bis-GMA) (4.91 8g, 9.6 moles), ethoxylated bisphenol-A (5,340g, 11.8 moles), triethyl- 
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enegrycol dimethacryfate (TEGDMA) {3.993g, 13.7 moles), and dfoutyltin dSaurate (DBTDL) (56g, 0.08 mole). With 
efficient stirring, he«rrietrryleneo5!SOcyancrte{HMDI)(1.346g. 7.3 motes), dissolved in methylene glycol cSmethacrytate 
(1,346g, 4.8 moles), was added dropwtse to the resin kettle. The resin temperature was maintained at or below 50°C. 
and the addition was complete in about one and one-half hours. The resin was stirred for about sixteen hours while the 
5 resm tenperature was maintained below 50 9 C. Residual isocyanate. as determined by infrared analysis, was less than 
0.01 percent. 

The weight % of the various constituents used to prepare the EBPADMA urethane resin is as fallows: 



IS 



Bis-GMA 1 


28.93% 


EBPADMA 2 


31.41% 


TEGDMA 3 


3141% 


Dibutyl tin dilaureate (DBTDL) 


0.33% 


Hexamethylene dnsocyanate (HMDI) 


7.92% 




100.00% 



1 2,2-Bis(4- (2-hydroxy-3- melhacryloxyproxyjphenyfl 
20 propane 

2 Ethoxylated bis-phenol A cfimelhacryiaJe 
^Triethylene glycol dimelhacrylate 



Theoretically, approximately 76% of the pendant hydroxy functions of Bis-GMA are reacted with HMDI to yield a 
25 urethane modified Bis-GMA prepolymer. EBPADMA is utilized both as base and cfifuent monomer. TEGDMA is a diluent 
monomer for additional viscosity control. DBTDL is the urethane catalyst The resultant resin viscosity Is approximately 
6,000- 16,000 cps at 25"C. 

.°\ 

EXAMPLE 2 - Resin Activation of EBPADMA Resin 

30 





% 


EBPADMA Urethane Resin 


98.582 


BHT 1 


0.025 


CO 2 


0.163 


Flublau L229 3 cone. (10% in NCO) 


0.180 


Uvinul M-40 4 


0.400 


MDEA 5 


0.650 




100.000 



45 1 2,6^l-tert-buty»-4-rr«thytphenol 

^Csmphwrquinons 
3 2.5-OihyOYoxy diethyitsrephthalate 
4 2-Hydnjxy-4-fnethoxybenzopherionR (LTV 
absorber) 

5 Methyf dieiharwlamtne 

50 

All apparatus used was clean and dry. All procedures involving the activated resin were carried out under amber 
illumination. 

All ingredients were dissolved utilizing the DISPERSATDR as energy source. Agitation times were about one (1) 
55 hour. 

The activated resin was held for the composite preparation. Prolonged storage of activated resin in bulk was 
avoided. 
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EXAMPLE 3 - Powder Blend for EBPADMA Conposile 



5 




% 




Sflanaled Barium Silicate glass (SBBAS) 


98.276 




Iron oxide yellow cone.* (10% dispersed on SBBAS) 


0.035 


TO 


iron oxide red cone. (1% dispersed on SBBAS) 


0.009 


Black pigment cone. (0.07% dispersed on SBBAS) 


0.080 




Titanium dioxide cone. (10% dispersed on SBBAS) 


0.300 




Aerosil R-972 (fumed silica) 


1.300 


15 




100.000 



'Concentrates mads herein were made by tumbling the colors on the 
glass support for 1/2 hour on slow rollers and then sieved through #8 sflK. 



20 AH apparatus used was dean and dry. 

AH pigment concentrates (cone.) were weighed on an analytical balance. 

The powder blends were tumbled on rollers for fifteen (1 5) minutes followed by two (2) passes through a #8 s3k. 
The barium glass was milled to have a narrow particle size distribution around an approximate 1 .5 micron mean. 
Optical microscopic and COULTER counter analysis of the milled particles indicate an upper size limit of approximately 
25 3*5 microns. 

EXAMPLE 4 - EBPADMA Composite 

Composite Ratios 





% 


Activated Resin 
Powder Blend 


22.50 
77.50 
100.00 



<o All apparatus used was dean and dry. 

All procedures involving the activated resin or pastes were carried out under amber illumination. 
Pastes were blended with 77 .S% powder and 22.5% resin or at a powder/resin ratio of 3.44/1. 
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FULFIL® 


EXAMPLE 4 


Filler Weight % 


77 


77.5 


Cure Depth, mm @ 10 seconds 


5.0 


3.5 


Diametral Tensile. 24 hour, MPa 


54 


60 


Compressive Strength, 24 hour, MPa 


295 


345 


Transverse Strength, 24 hour, MPa 


110 


119 


Flexure! Modulus. 24 hour. MPa 


7500 


7350 


Water Sorption, 7 days, mg/cm 2 


0.7 


0.5 


Color Stability, 24 hour UV 


Pass* 


Pass* 


Color Stability, 7 days wet @ 50°C 


Pass' 


Pass* 


Packability, g/mm 2 


175 


225 


Mean Ffller particle Size in Microns 


2-4* 


1.5 2 



'Color change perceptible with difficulty w8h reference to procedures 
accepted by ADA spec. 27. 

1 . (maximum particle size about 15um). 

2. (maximum particle size about Sum). 



Water sorption was reduced approximately 25% versus FUL-FIL by resin modifications. The resultant composite 
finishes to a reflective smooth surface that is superior to other small-particle composites. The smooth surface enhances 
30 esthetics and Is believed to improve long-term wear and stain resistance. The composition is sufficiently dense for han- 
dling anterior and posterior applications. 

METHOP Of FlUQRfPE; RELEA SE MEASUREMENT 
35 EXAMPLE 5 -Static M eth od 



A chip of composite material of Example 4, 1 mm thick and having a 20 mm diameter was prepared by curing the 
composite under a General Electric photoflood lamp (EBV No. 2) with a mylar cover for two minutes. A tiny hole was 

40 drilled in the chp. The specimen was tied with a nylon thread, suspended in 10 ml deionized water in a plastic |ar 
capped with a lid, and stored in a 37°C oven for 1 week, or as otherwise indicated. Water in each jar was decanted to 
a separate 30 ml plastic beaker. The specimen in the jar was washed with 1 ml deionized water, and the water rinse 
was added to the respective beaker. The specimen was again suspended in the jar, and 10 ml of fresh deionized water 
was added to the jar and tfie jar was put back in the 37 a C oven until the next measurement. The solution was cStuted 

45 with 1 1 ml low level TISAB* solution and fluoride was measured using an Accumet model 925 pH/mv/ISE meter avail- 
able from Fischer scientific. (The electrode used in the apparatus comprised an Orion Research electrode identified as 
No. 960.900.) 

EXAMPLE 6 - Accelerated Method 

50 

Soxhlet Method 1: 

Four 1 x20 mm discs of each material were made substantially as described in Example 5 and were conditioned to 
a constant weight. The initial average weight in grams was recorded. Two specimens were placed in each thimble of tfie 
55 duplicate setups. The setup consist of a 500 ml boil flask, soxhlet containing the ftiimUe with specimens, and a Frie- 
drichs condenser. Thef lask was charged with 300 ml of deionized water to be exchanged every two hours until 24 hours 
of test time had been accumulated. The setup was heated by an electric heating mantel to obtain a boil. 

TISAB = Total lonoic Strength Adjuster Butter available from Orion Research, Cambridge, Mass. 
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Using an ion selective electrode as described above, the fluoride concentration (PPM) was determined for each 2 
hour sample. The average PPM of the duplicates were recorded. 

5 

Same as method 1 except the water was changed every 24 hours tor a week. 

EXAMPLE 7 - EBPADMA CoMPOTfa wntaininq raoTogpffM fluoride, leachafle finer XJ 

to A composite was prepared as described in Examples 3 and 4 using the resin of Example 2, except that the 
silanated milled Barium glass was replaced by a radiopaque fluoride leachable filler identified as XT glass having the 
following approximate composition: 



Sl02 


47.3% 




5.7% 




9.8% 


BaO 


33.6% 


F 


5.3% 




KH.Nt 



25 The glass filler was shaded according to the following composition : 
98.65% XT glass 
0.05% Iron oxide yellow 
1.3% H-972 silica (Degussa) 

30 EXAMPLE 8 - EBPADMA Composite containing radloopaque fluoride leachable finer WP 

A composite was prepared as described in Examples 3 and 4 except that the silanated milled Barium glass was 
replaced by a radiopaque fluoride leachable glass finer identified as WP glass having the following approximate com- 
position: 

35 



Si0 2 


47.4% 


AI 2 O g 


8.0% 


B 2 0 3 


8.3% 


BaO 


29.3% 


F 


4.6% 




973% 



The glass filler was shaded according to the following composition: 



Silanated WP - ball milled 72 hours) 


98.53% 


Red cone. (1% dispersed on WP) 


0.016% 


Yellow cone. (10% dispersed on WP) 


0.032% 


Brack cone. (0.07% dispersed on WP) 


0.092% 


TiOs cone. (10% dispersed on WP) 


0.028% 


Tullanox 300 (Silica) 


1.3% 
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The composite comprised 24.79% resin, as described in Example 2. and 75.21% WP glass filer. 

EXAMPLE 9 « EBPADMA Composite containing sodium fluoride 

s A composite was prepared as described in Example d except that 5% of the silanated milled Barium glass was 
replaced with socfium fluoride 

SAMPLE 1Q 

to A. Physical Testing: 

10 samples for testing compressive strength and diametral tensile strength 1 were prepared for each Example 4 and 
7-9. Half of the specimens were stored for 1 week at 37*C. while the second half were subjected to one week extraction 
using the Sox Wet Melhod 2 described above. At the end of one week, the compressive strength and diametral strength 
is values were calculated after breaking the specimens as per ADA specification #27 on an Instron Universal Testing 
Machine. Model 1123. (Instron Corp., Canton, Mass.). The results are tabulated in Table 1. 



TABLE t 



20 


Materials 


Diametral Tensile (PSI) 


Compressive Strength (PSI) 






37° H 2 0, 1 wk 


Soxhlet Extraction 1 wk 


37° H 2 0. 1 wk 


Soxhlet Extraction 1 wk 




EXAMPLE 4 


2773 (±150) 


3770 (±551) 


40,41 8 (±7281) 


46,955 (±2679) 


25 


EXAMPLE 7 


5097 (± 1457) 


6077 (±1498) 


59.625 (±896) 


60,649 (±3335) 


EXAMPLE 8 


3263 (± 797) 


3454 (±821) 


50,080 (±1833) 


53,856 (± 3559) 




EXAMPLE 9 


4272 (± 537) 


2324 (±535) 


44,922 (±3331) 


48,888 (± 1324) 


30 


The above results demonstrate tfiat under these accelerated conditions, the composite containing socfium flu- 
oride (EXAMPLE 9) l06t strength as compared to either the control (EXAMPLE 4) or those of the fluoride leach- 
able glasses (EXAMPLES 7 and 8). 



B. Fluoride Measurement: 

35 

The amount of total fluoride extracted from the soxhlet procedure containing the specimens that were subsequently 
broken for physical testing, was analyzed as described above. 





1 week cumulative fluoride (PPM) 


EXAMPLE 4 


0.1999 


EXAMPLE 7 


1.7002 


EXAMPLE 8 


1.3810 


EXAMPLE 9 


4.7768 



The results indicated that EXAMPLE 4 contains a measurable (background) level of fluoride and that EXAMPLE 9 
so loses relatively speaking, much more fluoride in one week of extraction than Example 4. The composite of Example 9 
also shows evidence of pitting in the surface and subsurface, which caused the sample to appear substantially opaque. 
This was not evident in EXAMPLES 4, 7 and 8. 

EXAMPLE 11 

55 

Three materials were evaluated tor fluoride release comparing the static and the accelerated method in an attempt 
to correlate the two procedures. 

1 Prepared as described tor ADA SpecSicallon #27. Direct Riling resins. 
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5 



10 



20 





WT.(g) 


%WT 


DPEPAP 1 


71.85 


2.42 


UDMA 2 


1.656.9 


58.15 


BHT 


9.3 


0.33 


ITS 3 


3.0 


0.11 


CQ 


6.75 


0.24 


MEM 4 


31.50 


1.11 


MDEA 


11.25 


039 


Aerosil R-972 (Degussa) 


20.0 


0.70 


Cab-O-SO TS 720 (Cabot Corp.) 


7.2 


0.25 


1% Silanated Barium Suftete 


555.50 


19.85 


Silanated Milled Barium Alumino Borosilicate Qass 


329.6 


11.57 


Sodium Fluoride 


136.5 


4.79 


Total 


2849.35 


100.01 



1. DPEPAP ■ Dipentaerythr itol perrtaaoylate phosphate 

2. Reaction product of HPMA (hydroxypropyl metrtacr/tate) and TMDI. made as 
described in U.S. Patent 4,721.735. 

3. LTS - Lahrum toluenesulfrnale 

4. MEM - 2-N-MorphoRnoethyl methaorytete 

30 

Material B: Fuji Glass lonomer. Q.C. Dental Corp. (Known to contain alkali metal containing glasses, polyacrylic acid, 
etc. 

55 Material C: 

Material C comprises a self cured composite which is activated by combining a catalyst resin component with a 
base resin component. 

40 



45 



so 
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RVH 11 


-161 - 


5 




( Catalyst ) 2 


(Base) 4 




UOMA 


43.152 


43.152 




NCO f esin 


0.00 


0.112 




CQ 


0.00 


0.221 


1Q 


DHEPT' 


o.oo 


0.22 I 




cUAd 


n nn 

0.00 


U.oOo 




PUT 

bn i 


n ARC 




15 


BROS 

AerosH R-972 


n qoo 
U.ocK 

2.300 


U.UU 

2.30 




SHanated XT alass 


53.600 


53.32 




Iron oxide yellow (as descrbed in Example 3) 


0.00 


0.150 


20 


Iron oxide red (as described in Example 3) 


0.00 


0.130 




RuHau 


0.00 


0.088 




Uvinul M-40 


o.oo 


0.044 


25 




loo.dud 


100.113 




1 . Dihydroxyethyl paratohiii ne 

2. EthyM-tfimmhytaminobenzoaia 

3. Benzoylperoxide 
4. 72 hoir milted 







It was demonstrated (see Table 2) that one twenty-four hour extraction cycle with the soxhlet extractor was roughly 
equal to one year of static testing. Further, the release from the XT cement was very consistent from day to day, avoid- 
ing the initial burst effect of release noled in composites in which a fluoride filler was used as a source of fluoride. With 
05 the sodium fluoride containing material (material G) and glass ionomer, surface cracks and defects (pitting) were appar- 
ent Surface cracks and defects were absent from the XT containing material. 



14 



EP0 381 153 B1 



TABLE 2 



TO 



15 



S5 



35 



STATIC VS SOXHLET FLUORIDE RELEASE Average Cumulative mg of Fluoride / g of Sample 


Static Weeks 


Material A 


Material B 


Material C 


5 


1189.64 


5431.95 


129.80 


10 


1919.39 


7992.54 


181.42 


15 


2445.06 


9617.78 


221.68 


20 


2847.36 


10867.01 


255.14 


25 


3159.54 


11778.99 


* 


30 


3433.03 


12717.62 


* 


35 


3673.58 


13750.17 




40 


3891.52 


14559.14 




45 


4086.30 


15344.98 


- 


50 


4273.33 


* 


* 


Soxhlet Hours 








2 


1932.08 


5282.84 


62.08 


4 


2776.66 


6859.18 


103.26 


6 


3098.61 


8159.15 


139.18 


8 


3320.59 


9673.25 


172.47 


10 


3487.51 


1033B.18 


205.40 


12 


3630.02 


10973.92 


235.88 


14 


3849.51 


12743.33 


264.81 


16 


4234.68 


13383.47 


299.45 


18 


5012.80 


14012.54 


334.06 


20 


5454.95 


14492.86 


365.21 


22 


5824.56 


14974.86 


393.70 


24 


6367.75 


15264.45 


421.80 


* Represents data in progress or not available. 



The soxhlet method is very effective at accelerating the release of fluoride. Bui it is not possible to say that X 
number of hours will always equal Y number of weeks of static release for all materials. This is due to tfie tact that drf- 
45 ferent materials have different rates of solubility. In favor of the soxhlet method, 24 hours continuous extraction is at least 
equal to or greater than one year of static release. Using the every 2 hour exchange method, a profile of the release 
rate can be obtained which is very similar to one year of static release of fluoride. The soxhlet method(s) has potential 
for predicting fluoride cumulative release from composites. 

so EXAMPLE 12 

The tensile and compressive strength of several commercially produced restoratives were compared with compa- 
rable compositions in which at least a portion of the filler was replaced with NaF. XT glass and SrF 2 . The materials were 
evaluated tor mechanical properties and fluoride release after being subjected to extraction for 7 days in the soxhlet 
55 extraction apparatus. Material 1, which served as a conlrol, was PRISMA-BI (shade light, batch number 0920881) a 
product of the L D. Caulk Company. Mflford, DE Material 2 was Fluorever (batch number 020798) a product of Essen- 
tial Dental Systems. Long Island. N.Y. Material 3 was a rnodification of Ful-RI®. a product of the L 0. Caulk Company, 
in which part of the ffller was replaced by NaF and which was prepared as described in U.S. Patent 4.514. 1 74. Material 
3 was prepared by substitution of 5% by weight of the silanated milled Barium Boron Aluminum Silicate glass filler 
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(Coming Glass 7724) with sodium fluoride. The net filer loading of Material 3 remained the same as described in U.S. 
patent 4.514.1 74. Material 4 represented a composition identical to PRISMA-R1 except an of the fBter was replaced with 
silanated Milled ST glass. Material 5 was a modification of PRISM A-R where 5% of the sflanated filler was replaced 
with an equivalent amount of strontium fluoride. The results of the comparison are illustrated in Table 3. 



TABLE 3 







7- Day Soxhlet Extraction of PRISMA FiJ Composites 




10 




Dairy Water change for Cumulative F • RVH 1 1 -192 








7 Days @ 
37'C Tensile 


7 Days Soxhlet Tensile 


7Days(»37 0 C 
Compressive 


7 Days Soxhlet 
Compressive 




1. PRISMA-fil (L) 


X 


6161.4 


3955.2 


50,305.4 


50,055.6 


is 


#0920881 Control 
(PSI) 


s 
n 


1541.0 
5 


515.5 
5 


847.7 
5 


4,773.1 
5 




2. FluorEver £020798 


X 


2643.3 


2471.3 


29,356.6 


23,772.7 






s 


477.2 


262.6 


922.6 


1.582.8 


20 




n 


5 


5 


5 


5 




3.FUL-Rlwith5%NaF 


X 


2165.3 


1200.2 


39,319.7 


30,418.9 






s 


844.4 


282.6 


6,345.4 


1,090.3 


25 




n 


5 


6 


5 


5 




4.PRISMA-fil with XT 


X 


4305.8 


5050.7 


44.996.7 


45,561.4 






s 


1 197.3 


2309.8 


1,167.0 


4,380.0 






n 


5 


5 


5 


5 


30 


5. PRISMA-FIL WITH 


X 


4079.3 


3893.3 


43.881.1 


39.117.4 




5%SRF2 


B 


537.6 


635.0 


1,564.5 


5,877.8 






n 


5 


5 


5 


5 


05 


x = mean value 












s = standard diviation 














n = number of specimens tested 
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55 

The results seen in Table 3 are illustrated graphically in Graph 1. The graph illustrates that the restorative employ- 
ing XT glass does not show as large an initial release burst of F as do the restorations containing fluoride salts, and 
maintains a higher level of fluoride release over an extended period of time. While showing a higher sustained fluoride 
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release, as can be seen in Table 3, the restorative containing the XT glass also shows much higher tensile and com* 
pressive strengths than do the restoratives containing the fluoride salts. 

A more direct comparison of the fluoride release is shown in Graph 2, where the fluoride release properties of 
PRISMA-f IL containing NaF in the filler is compared wrfh the fluoride release properties of PRISMA-FIL in which fte 
5 usual filler is replaced by XT glass. 

Other modifications and ramifications of the present invention will become apparent to those skilled In the art upon 
a reading of this disclosure. It is to be understood that such modifications and ramifications are intended to be included 
within the scope of this inventioa 

'o Claims 

1 . A dental composite restorative material comprising 

(a) a resin suitable for use in a dental restorative, and 
is (b) an inorganic filler comprising a non alkali, silanatable, radiopaque glass containing extractable fluoride, said 

filler being essentially free of alkali metaJ oxides and consisting essentially of by weight 40-56% S't0 2 , 15-35% 
BaO, 4-12% Al20 3 . 5-12% B 2 0 3 , 0-7% ZnO, 0-18% SrO and 2-20% P. 

2. The dental composite of Claim 1 wherein said resin and inorganic filler comprises a matrix wherein said resin is 
20 chemically bonded to said inorganic filler, and wherein said matrix slowly releases fluoride ion when said matrix is 

in the oral cavity without significantly reducing the strength and physical integrity of said matrix. 

3. The dental composite of Claim 1 wherein said inorganic filler comprises 4-8% AI2O3, and 25-35% BaO. 

25 4. The dental composite of Claim 1 wherein said inorganic filler comprises 7- 1 8% BaO and 7- 1 8% SrO and 4-7% ZnO 
and said fluoride is provided in said inorganic filter by the presence of SrF 2 , AIF 3 or BaF 2 or a mixture thereof in ihe 
materials used in the preparation of said glass. 

»•>. 

5. The dental composite of Claim 1 wherein said resin is hardenabte by free radical polymerization and comprises: 

30 

(a) binder resin comprising the reaction product of at least one vinyl ester of a polyglycidyl ether having sec- 
ondary hydroxy! groups and at least one isocyanate reactant, said isocyanate reactant and said vinyl ester 
reacting through said secondary hydroxyl groups; 

(b) a polymerizaWe acrylic diluent monomer; and 

• 35 (c) a free radical polymerization catalyst, said diluent being present in an amount such that said composition 

has a viscosity suitable for use in dental applications. 

6. The dental composite ol Claim 5 in which at least a portion ot said isocyanate reactant comprises isocyanate hav- 
ing ethytenic unsaturation, said vinyl ester is Bis-GMA and said resin comprises a photosensitive catalyst system 

40 and wherein said dental composite further comprises from about 20% to about 90% by weight inorganic glass filler. 

7. The dental composite of Claim 6 wherein said isocyanate reactant comprising ethylenic unsaturation is isocyana- 
toethyt methacrylate. 

45 8. The dental composite of Claim 5 wherein said polymerizable acryBc diluent monomer is selected from the group 
consisting of triethyleneglycol dimethacrylate, 1.6-Hexanedid dimethacrylate, ethoxytated bisphenol-A-dimethacr- 
ylate. and mixtures thereof and said resin component comprises the reaction product of a vinyl ester of a polygly- 
cidyl ether having secondary hydroxyl groups, a f'rst isocyanate reactant containing ethylenic unsaturation and a 
second isocyanate reactant which is diisocyanate, said vinyl ester and said first and second isocyanate reactants 

so being reacted through said secondary hydroxyl groups. 

9. The dental composite of Claim 8, wherein said vinyl ester is Bis-GMA, said first isocyanate reactant is isocyanatoe- 
thyl methacrylate. and said diisocyanate is trimethyihexamethylene diisocyanate. 

55 10. The dental composite of Claim 5, wherein said resin component further comprises the reaction product of a second 
vinyl ester of a polyglycidyl ether having secondary hydroxyl groups and a diisocyanate reacted through said sec- 
ondary hydroxyl groups. 
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1 1 . The dental composite of Claim 5 wherein said second vinyl ester is Bis-GMA and said dtrsocyanate is selected from 
the group consisting of trimelhyihexamethyf ene cfitsocyanate. hexameihyiene dnsocyanate. and phenyiene diisocy- 
anate. 

5 12. The dental composition of Claim 5. wherein said inorganic fBler comprises, by weight, from about 35 to about 64% 
of sitanated barium glass having a mean par tide size of from about 5 to about 9 microns, from about 20 to about 
50% of a sitanated barium glass having a mean partide size of from about 2 to about 5 microns, and from about 5 
to about 15% of a sitanated subrrdcron sHica. 

10 13. The dental restorative composition of Claim 12, wherein said inorganic filler is present In said composition in an 
amount of from about 50%, to about 80% by weight. 

Patentansprucha 

is 1. Dentales Kompositmaterial zur Ausbesserung, umfassend 

(a) ein Harz, das zur Verwendung bet einer dentaien Ausbesserung geeignet ist und 

(b) einen anorganischen FOIIstoff, umfassend alkaJifreies, silanisierbares, radiopakes Glas. das extra hierbares 
Ruorid enthatt. wobei der FOIIstoff im wesentfichen frei von Alkatimetafloxiden ist und im wesentirchen aus 40- 

20 56 Gewichtsprozent Si0 2 . 15-35% BaO. 4-12% A^. 5-12% fyO^. 0-7% ZnO, 0-18% SrO und 2-20% F 

besteht. 

2. Dentales Kompositmaterial nach Anspruch 1, wobei das Harz und der anorganische FOIIstoff eine Matrix urrrfas- 
sen, worin das Harz chemisch an den anorganischen FOIIstoff gebunden ist und wobei die Matrix langsam Ruori- 

25 dionen ohne deutliche Verminderung der Festigkert und der physikalischen Irrtegritat der Matrix freiselzt, wenn sich 
die Matrix in der Mundhohle belindet. 

3. Dentales Kompositmaterial nach Anspruch 1 , wobei der anorganische FOIIstoff 4-8% Al 2 0 3 und 25-35% BaO 
umfaBt. 

30 

4. Dentales Kompositmaterial nach Anspruch 1 , wobei der anorganische FOUstoff 7-18% BaO und 7-18% SrO und 4- 
7% ZnO umfaBt und das Fluorid in dem anorganischen Futlstoff durch Anwesenheit von SrF 2 , AIF 3 Oder BaF 2 oder 
einem Gemisch davon in den bei der Herstellung des Glases verwendeten Materialien bereitgestelft wird. 

35 5. Dentales Kompositmaterial nach Anspruch 1 , wobei das Harz durch Polymerisation Qber freie Radikale hartbar ist 
und umfaBt: 

(a) Bindeharz, umfassend das Reaktionsproduk! mindestens eines Virrylesters eines Potyglycidytethers mit 
sekundaren Hydroxylgruppen und mindestens eines Isocyanatreaktanten. wobei der Isocyanatreaktarrt und 

40 der Vinylester Ober die sekundaren Hydroxylgruppen reagieren; 

(b) ein polymerisiertoares, acrylisches Verdunnungsmonomer und 

(c) einen Katalysator zur Polymerisation Ober freie Radikale, wobei das VerdOnnungsmittel in einer Menge vor- 
liegt derart ausgelegt, da8 die Zusammensetzung eine Viskositat aufweist. die zur Verwendung bei dentaien 
Anwendungen geeignet ist. 

45 

6. Dentales Kompositmaterial nach Anspruch 5. wobei mindestens ein Teil des Isocyanatreaktanten Isocyanat mrt 
ethylenischer Ungesattigtheit umfaBt, der Vinylester Bis-GMA ist und das Harz ein lichtempfindliches Kataiysator- 
System umfaBt und wobei das dentale Kompositmaterial auBerdem etwa 20 bis etwa 90 Gewichtsprozent anorga- 
nischen GlastuHstoff umfaBt. 

so 

7. Dentales Kompositmaterial nach Anspruch 6, wobei der Isocyanatreaktarrt der ethytenische Ungesattigtheit 
umfaBt. Isocyanatoethylmethacrytat ist 

8. Dentales Kompositmaterial nach Anspruch 5, wobei das porymerisierbare acrylische Verdunnungsmonomer aus- 
55 gewahrl ist aus der Gruppe, bestehend aus TVIethylenglycotdimethacrytat, 1,6-Hexandioldlmethacrytat. ethoxyfier- 

tes Bisphenol-A-dimethacrylat und Gemisch en davon und die Harzkomponente das Reaktionsprodukt eines 
Vmylesters von einem Polyglycidylether mit sekundaren Hydroxylgruppen. eines erst en Isocyanatreaktanten, der 
ethylenische Ungesattigtheit enthalt und eines zweiten Isocyanatreaktantea der em Diisocyanat ist. umfaBt, wobei 



19 



EP 0 381 153 B1 



der vlnylester und der erste und der zweite Isocyanatieaktant uber cfie sekundaren Hydroxylgaippen umgesetzt 
werden. 

9. Oentales Kompositmaterial nach Anspruch 8, wobei der Vmytester Bis-GMA 1st der erste Isocyanatreaktant Iso- 
5 cyanatoelftyimelhacrylat ist und das Dnsccyanat Trimethythexametrr/tenolisocyanat 1st 

10. Oentales Kampositmalerial nach Anspruch 5, wobei die Harzkomponente aufierdem das Reaktionsprodukt eines 
zweiten Vinyl esters eines Polygtycidylethers rrrit sekundaren Hydroxylgruppen und eines Ober cfie sekundaren 
Hydroxy! gruppen umgesetzten Diisocyanats umfaQl. 

w 

1 1. Dentales Korrpositrnaterial nach Anspruch 5, wobei der zweite Vinytester Bis-GMA ist und das Diisocyanat ausge- 
wdhlt ist aus der Gruppe. bestehend aus Trimethylhexamethylendasocyanat, Hexamethylendfisocyanat und Phe- 
nytendiisocyanat. 

is 1 Z Dentate Zusammensefcung nach Anspruch 5, wobei der anorganische FGDstofl auf das Gewicht bezogen etwa 35 
bis etwa 64% silanisiertes Bariumgtas mit einer mirteren TeilchengroBe von etwa 5 bis etwa 9 Mikrometer, etwa 20 
bis etwa 50% eines silanisierten Bariumgtases mft einer mtttieren TeilchengrOne von etwa 2 bis etwa 5 Mikrometer 
und etwa 5 bis etwa 15% eines silartisierten SubmikrometerSiliaurndioxids umfaGt 

20 13. Zusammensetzung nach Anspruch 12 zur dental en Ausbesserung, wobei der anorganische Fuilstoff in der Zusam- 
mensetzung in einer Menge von etwa 50 bis etwa 60 Gewicrrtsprozeni vorliegt 

Revendications 

2S 1 . Matiere composite de reconstituant comprenant : 

(a) une resine appropriee pour utilisation dans un reconstituant demaire ; et 
v (b) une charge inorganique comprenan! un verre radioopaque non-aJcalin, pouvant etre silanyle, contenant du 

fluorure extractive, ladite charge 6tarrt sensiblement exempte d'oxydes de m&aux alcalins et etant prindpale- 
30 ment constitute, en pourcentage en masse, de 40 a 56% de Si02, de 15 a 35% de BaO. de 4 a 12% de M^) 3t 

de 5 a 12% de B^, de 0 a 7% de ZnO, de 0 a 18%de SrO et de 2 a 20% de F. 

2. Composite dentaire selon la revendi cation 1 , dans iequel ladite resine et ladite charge inorganique comprennent 
une matrice dans laquelle ladite resine est liee chimiquement a ladite charge inorganique. et dans laqueile ladite 

os matrice libera lentement Ton de fluorure lorsque ladite matrice se trouve dans la cavite buccale, sans require de 
maniere significative la resistance et nntegrite physique de ladite matrice. 

3. Composite dentaire selon la revendication 1 , dans Iequel ladite charge inorganique comprend de 4 a 8% de Afe0 3l 
etde 25a35%de BaO. 

40 

4. Composite dentaire selon la revendication 1 , dans Iequel ladite charge inorganique comprend de 7 a 18% de BaO 
et de 7 a 18% de SrO et de 4 a 7% de ZnO ; et ledit fluorure dans la dite charge inorganique. est obtenu par la 
presence de SrF 2 , de AIF 3 . ou de BaF 2 ou, par un melange de ces derniers dans les matieres utilistes dans la pre- 
paration dudit verre. 

45 

5. Composite dentaire selon la revendication 1 , dans Iequel ladite resine est durcissable par polymerisation de radi- 
caux fibres et comprend : 

(a) une resine liante comprenant le produit de reaction cfau moins un ester vinyliqued'un ether polyglycidiojue 
so comportant des groupe merits hydroxy! secondaires et cTau moins un reactant a base d'isocyanate, (edit reac- 

tant a base dlsocyanate et ledit ester vfnylique reactant reagissant avec lesdits groupements hydroxyl secon- 
daires ; 

(b) un monomere diluant acrylique ; et 

(c) un catalyseur de polymerisation de radicaux libres. ledit diluant etant present en une quantrte telle que 
55 ladite composition a une visccsrte appropriee pour utilisation dans des applications dentaires. 

6. Composite dentaire selon la revendication 5. dans Iequel au moins une partie ducSt reactant a base d'isocyanate 
comprend un isocyanate comportant une insaturation ethylertique. dans Iequel ledit ester vinylique est le Bis-GMA 
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et ladite resine comprend un systeme de catalyseur photosensMe et dans lequel (adite composition dentaire com- 
prend de plus d'environ 20% a environ 90% en masse de charge de verre inorganique. 

7. Composite dentaire seton la revencfication 6, dans tequel lecfit isocyanate reactant comprenam I'insaturation ethy- 
lenique est le methacrylate dlsocyanatoetnyl. 

8. CompositB dentaire selon ta revendication 5, dans I equal ledH monomere dSuant acryfique pdymerisaMe est selec- 
tionne a partir du groupe constitue du dim&hacrytate de tri6thylenegJycol, du dim&hacrylate de 1 ,6-hexanediol, du 
dimethacrytete de bisphenol-A-^thoxyte. et des melanges de ces demiers : et dans lequel Iec5t composant de 
resine oomprend le produit de reaction d'un ester vinytique d\m ether poryglyddique comportant des groupements 
hydroxy! secondaires, d'un premier reactant a base tfisocyanate con tenant rinsaturation ethyl en ique et d*un 
second reactant a base dlsocyanate qui est le diisocyanate, letfit ester vinylique et lesdits premier et second reac- 
tants a base dlsocyanate ayant reagi avec lesdits groupements hydroxy! secondaires. 

9. Composite dentaire selon la revencGcation 8. dans lequel I edit ester vinylique est le Bis-GMA, ledit premier reactant 
a base dlsocyanate est le methacrylate dlsocyanatoetnyl, et I edit diisocyanate est le diisicyanate de trimetnythexa- 
methylene. 

10. Composite dentaire seton la revendication 5. dans lequel ledit composam de resine comprend. de plus, le produit 
de reaction d'un second ester vinylique dun 6th er polyglycidique comportant des groupements hydroxyl secondai- 
res et d'un diisocyanate ayant reagi avec lesdts groupements hydroxy! secondaires. 

11 . Composite dentaire selon la revendication 5. dans lequel ledit second ester vinylique est le Bis-GMA et ledit diiso- 
cyanate est selectiorme a partir du groupe constitue de diisocyanate de trimethylhexamethylene. de diisocyanate 
dTiexamethyf ene, et de diisocyanate de phenyiene. 

12. Composition dentaire seton la revendication 5, dans laquelle ladite charge inorganique comprend, en masse, 
d 'environ 35% a environ 64% de verre au baryum silanyle ayant una tai(te moyerme de particules d'environ 5 a 
environ 9 microns, d'environ 20 a environ 50% de verre au baryum siianyle ayant une taiOe moyenne de particules 
d'environ 2 a environ 5 microns, et d'environ 5% a environ 15% de siltce submicromique sitanytee. 

13. Corrposition de reconstftuant dentaire selon la revendication 12. dans laquelle ladite charge inorganique est pre- 
serve dans ladite composition en une quanfite d'environ 50% a environ 80% en masse 
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